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Abstract
Pedestrians and cyclists were counted in a situation where potentially properties of pavement, traﬃc signs, and side preference
could have an impact on walking or cycling behavior. It was found that for a signiﬁcant amount of pedestrians and cyclists alike
it matters most to walk or cycle on the right side or that pedestrians move on the right side of cyclists. On the contrary the shares
of pedestrians and cyclists reacting to signs as opposed to pavement showed an opposing trend: while more pedestrians walked on
what looked like a pedestrian path, cyclists tended rather to follow traﬃc signs.
c© 2014 The Authors. Published by Elsevier B.V.
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1. Introduction
At the Pedestrian and Evacuation Dynamics conference 2012 in Zurich Urs Walter (2012) in his opening speech
among other things pointed out that presently it is not very well known how and to which extent paving surface and
pavement markers have an impact on pedestrian walking behavior. In this contribution it is tried to give a ﬁrst answer.
A total of 1271 pedestrians and cyclists were counted in a situation where potentially pavement (surface material),
traﬃc signs, and side preference (right hand traﬃc as well as the rule “cyclists move left of pedestrians”) could have
an impact on walking or cycling behavior. The aim of this contribution is to clarify the ratios to which pedestrians and
cyclists determine their movement decisions based on each of these potential properties.
2. Scenario
Counts were done on a short and very central link for pedestrians and cyclists connecting market place and castle
park in Karlsruhe called “Platz der Grundrechte”. See Fig. 1. At both ends of the link traﬃc signs indicate that it
is intended that pedestrians and cyclists use separate sides. Cyclists are meant to use the western side, pedestrians to
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walk on the eastern part. It was veriﬁed that the signs on the northern and the southern end of the link are consistent
in this aspect.
At the time of the video recordings for counting both sides had about the same width due to construction work. For
the same reason a piece of art which consists of numerous iron ﬂags and which normally is installed on the pedestrian
side was not in place.
The main diﬀerence between the two sides is the surface. The surface on the cycle side gives the impression to
be ﬁner, maybe even slippery, while the pedestrian side is covered with cobblestone. See Fig. 2. One can therefore
argue that the western side appears for pedestrians and cyclists alike to be the pedestrian side and the eastern side the
cyclists’ side.
After having had repeatedly the impression that at least southbound pedestrians and cyclists in majority utilize the
wrong side the author decided to investigate this in detail and to try to ﬁgure out the reason for this behavior.
Fig. 1. Observed areal. Map source: OpenStreetMap Contributors (2014).
3. Raw data of counts
A total of 1043 pedestrians and 228 cyclists were counted on a total of about one hour and 45 minutes of video
footage recorded on two diﬀerent days. 701 persons were moving northbound, 570 southbound. 895 used the western
side, 376 the eastern side of the link. Tables 1 to 4 show details.
Table 1. Total counts of southbound traﬃc.
Southbound Pedestrians Cyclists Sum
East 52 32 84
West 522 95 617
Sum 574 127 701
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Fig. 2. Surface of pedestrians’ side (left) and cyclists’ side (right).
Fig. 3. Camera perspective: looking south to the counting area
Table 2. Shares of southbound traﬃc. Both sides (east and west) sum up to 100% for each mode. The variable name convention is explained in the
text below.
Southbound Pedestrians Cyclists
East Eps = 9.1% Ecs = 25.2%
West Wps = 90.9% Wcs = 74.8%
Table 3. Total counts of northbound traﬃc.
Northbound Pedestrians Cyclists Sum
East 244 48 292
West 225 53 278
Sum 469 101 570
Table 4. Shares of northbound traﬃc. Both sides (east and west) sum up to 100% for each mode. The variable name convention is explained in the
text below.
Northbound Pedestrians Cyclists
East Epn = 52.0% Ecn = 47.5%
West Wpn = 48.0% Wcn = 52.5%
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4. Theory and conclusions
To be able to draw conclusions from the raw count data one has to make some assumptions, i.e. formulate some
simple theory. These assumptions are that a pedestrian or a cyclist chooses his or her side according to one of the
following principles (furthermore denoted and abbreviated with the letters in brackets)
• Follow traﬃc signs (S ),
• Move on the right side (R),
• Cyclists have to move left of pedestrians who walk in the same direction (usual organization of cycle tracks and
sidewalks) (L),
• Move on surface material which appears appropriate (M),
• Choose randomly with equal probability (Z).
but no other principle and not a combination of these. It was furthermore assumed that the surface materials would
have been assigned to pedestrians and cyclists by all observed pedestrians and cyclists in the same way that it appeared
to the author. It was neglected that some of the persons could have been raised in countries with left-hand traﬃc for
whom of course one would rather assume that they prefer moving on the left side and that cyclists move right of
pedestrians.
A further assumption is that in this model the share of all pedestrians (and cyclists) for each of the ﬁve categories is
the same for north- and southbound movement. It is however not assumed that the shares are the same for pedestrians
and cyclists.
All people were counted individually even if they obviously were part of a group, although as a group they have a
higher chance to decide all for one of the two sides. An exception is just small children who appeared to be entirely
dependent on their parents, having no route choice inﬂuence on these. Such children were not taken into account at
all. This implies that for all adults it was assumed that they made their decisions independent of others. This is surely
not correct. However, one can argue that in the statistics group eﬀects would average out.
In the remainder the following notation applies: the hypothetical fractions of the population who decide for a side
according to one of the criteria listed above are denoted with the corresponding letters (S , R, L, M, and Z). The
subscripts p and c denote pedestrians and cyclists. The measured variable if they walk on the eastern or western side
is written with an E or W with the subscripts n and s denoting if they walk north- or southbound1. The values are given
in tables 2 and 4. For example Epn denotes the fraction of northbound pedestrians who have chosen to walk on the
eastern side (compared to all northbound pedestrians). Necessarily Epn+Wpn = Eps+Wps = Ecn+Wcn = Ecs+Wcs = 1.
This allows to write down four equations for pedestrians which on their left side have measured and on their right
side have hypothetical variables:
Wps = 90.9% = Rp + Lp + Mp + 0.5Zp (1)
Eps = 9.1% = S p + 0.5Zp (2)
Wpn = 48.0% = Mp + 0.5Zp (3)
Epn = 52.0% = S p + Rp + Lp + 0.5Zp (4)
(5)
and four equations for cyclists:
Wcs = 74.8% = S c + Rc + 0.5Zc (6)
Ecs = 25.2% = Lc + Mc + 0.5Zc (7)
Wcn = 52.5% = S c + Lc + 0.5Zc (8)
Ecn = 47.5% = Rc + Mc + 0.5Zc (9)
(10)
1 Since it is assumed that north- and southbound behavior is identical the hypothetical variables do not have these subscripts.
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Table 5. Possible realizations of results for pedestrians’ route choice as given in equations (11) and (12).
Traﬃc Right Hand plus Surface Random
Signs Right Side of Bikes Material
max. random 0 43.0% 38.9% 18.1%
zero random 9.0% 43.0% 48.0% 0
Table 6. Possible realizations of results for cyclists’ route choice as given in equations (13) and (14). In the last line the sum of “right hand side”
and “left of pedestrians” matches the result for pedestrians.
Traﬃc Right Left Side of Surface Random
Signs Hand Pedestrians Material
max. random 27.3% 22.3% 0 0 50.4%
max. surface and sign 52.5% 22.3% 0 25.2% 0
max. “left of” and “right hand” 27.3% 47.5% 25.2% 0 0
balanced, zero random 40.0% 34.9% 12.6% 12.6% 0
balanced 37.4% 32.4% 10.1% 10.1% 10.1%
see caption 27.3% .. 42.2% 32.7% 10.3% 0 .. 14.9% 0 .. 29.8%
These equations can be rearranged for minimum entanglement of the hypothetical variables (calculation of the
numerical values is done with the exact values and then newly rounded):
(1)-(3) and (4)-(2) : 43.0% = Rp + Lp (11)
(1)-(4) and (3)-(2) : 38.9% = Mp − S p (12)
(6)-(8) and (9)-(7) : 22.3% = Rc − Lc (13)
(6)-(9) and (8)-(7) : 27.3% = S c − Mc (14)
(15)
Example results satisfying these equations are shown in Table 5 for pedestrians and in Table 6 for cyclists.
5. Summary and discussion
It was found that for a signiﬁcant amount of pedestrians and cyclists alike it matters most to walk or cycle on the
right side or that pedestrians move on the right side of cyclists.
On the contrary the shares of pedestrians and cyclists reacting to signs and to pavement (surface material) showed
an opposing trend: while more pedestrians walked on what looked like a pedestrian path, cyclists tended rather to
follow traﬃc signs. Less than one in ten pedestrians appears to have made his or her walking decision based on the
traﬃc sign. This is remarkable as it is probably the ﬁrst idea to regulate pedestrian walking behavior (in relation to
cyclists or other pedestrians) with signs. Instead the results of this study raise the conjecture that purposeful usage
of pavement surface materials or painting might be more eﬀective to guide and direct pedestrians. This might partly
be due to the function of the observation spot which connects road space with a park. Pedestrians might have seen
themselves not as participants of road traﬃc at that particular spot. One may conjecture that in midst road space
pedestrians’ obedience rate to traﬃc signs might be higher. However, if future studies conﬁrm the low conﬁrmation
rate of pedestrians to traﬃc signs, then the conclusion would be that the idea that walking is a mode of traﬃc is not
shared by the pedestrians themselves.
That pedestrians rather walk according to pavement surface material than traﬃc signs while cyclists rather follow
traﬃc signs than pavement can be interpreted in two ways: either pedestrians and cyclists are made up from diﬀerent
sub-groups of the total population or – more likely – the same people behave, maybe even think and feel, diﬀerently
when they are cyclists than when they are pedestrians. Both options bear potential for conﬂicts and aggression.
There are some factors which limit the expressiveness of the results of this study. First, it was assumed that all other
impact factors which were not treated explicitly – including and summarized as random choice – sum up to a 50:50
distribution on east/west choice. As the map in Fig. 1 shows the geometry is indeed highly symmetric. Nevertheless it
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could be that an asymmetry in origin and destination numbers2 could have an impact on east/west choice, particularly
for people who choose their side randomly respectively independent from the four explicitly treated factors. One can
easily extend the mathematical model of equations (1) to (9) to accommodate for this3, but this would bring additional
degrees of freedom (variables) for which no solution could be found, i.e. with the data available from this study an
extension of the model would not allow to gain additional insight.
Second: while observing 1271 individuals in principle allows to claw valid statistical conclusions (for pedestrians
more than for the just 228 cyclists), one must not forget that among the observed individuals there were interactions
which have been neglected. One can easily imagine that some cyclist would have chosen to drive on the eastern side
if it were just for traﬃc signs, surface and his cultural side preference imprint alone, but as just in the moment when
he arrived the eastern side was crowded with pedestrians he chose the western side. Such eﬀects were neglected in the
evaluation of the video footage as it would have made evaluation and analysis much more complicated. Correlations
like this imply that in eﬀect one needs a larger sample to evaluate to allow correlations to cancel (for some time
pedestrians follow pedestrians on one side, one hour later the same might happen, but on the other side).
Further aspects to consider: some people changed the side after they had entered the link, some people even
changed and changed back. The relative numbers were small, but still slightly diﬀerent numbers would result if one
would count those people for the opposite choice. For someone who is convinced that pedestrians and cyclists behave
identical, the diﬀerent reaction of pedestrians and cyclists to traﬃc signs and pavement could also be interpreted as a
hint that there must be some hidden determining factor, which – if considered – would show that in fact pedestrians
and cyclists do not behave diﬀerently but identical.
Finally one has to consider that real people often decide based on an overall impression summing up various
diﬀerent inﬂuences. The assumption that it is exactly one factor that determines motion is a simpliﬁcation. However,
it is a simpliﬁcation which is required for analysis of the available empirical data as well as it is required for practice.
Despite of these caveats the study gives the indications mentioned at the beginning of this section and in shows
that it is principally possible to investigate aspects of movement behavior as mentioned by Urs Walter and correctly
described as largely unexplored despite their relevance for practice. From the beginning of the study it was clear that
this one single study cannot clarify all questions raised nor settle the discussion about just any one of them. Yet as
part of larger set of (future) studies exactly that can be achieved.
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